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farecteidentifiveation 15”4ё ТгаБ1ёв if differnt actions 
are to be taken toward different targets. Today when 
missiles can be sent long before a target comes within 
visual range, there is a need of identify target by some 
means other then visual. 

The use of radar provides a greater range for target 
detection. Radars have the ability to detect the presence of 
a target, апа to obtain information about target position, 
Speed and acceleration. A trained operator can identify the 
kind of target infront of him by the size of the spot on the 
screen and from the: direction such a target is approaching, 
but he may not always be correct. 

Detection by a radar is done by detecting the back scat- 
tered electromagnetic signal returned from a target. The 
back scattered signal originates from the surface currents 
excited on the object when it is irradiated by an incident 
elcammemapnetic wave. Different targets have different outer 
surface that cause different surface currents to flow on the 
target when identical incident waves are irradiating the 
targets. 

Assume the presence of a continuous incident electromag- 
netic wave.The incident wave keeps impinging on the target 
and excites new surface current which add vectorally to the 
existing ones. The total surface current, and therefore the 
back scattered signal are functions of the target shape and 
the wavelength of the incident wave. 

Assuming a uniform plane incident wave,the back scat- 
tering cross section of a target is a quantitative measure 
of the ratio of power density in the vector signal scattered 


in the direction of the receiver to the power density of the 


electromagnetic wave incident upon the target [Ref. 1], The 
back scattering cross section of a target as a function of 
the wavelength or the frequency of the incident wave can be 
used as a working tool for target identification 

One approach to this problen, is by looking into the 
Rayleigh region [Ref. 2], where the frequency rangs from 
zero up to a wavelength about half the linear dimension of 
the target. A different approach is to study the scattering 
of a target in the resonance region where its cross section 
varies rapidly with frequency, and is a critical function of 
the shape of the target [Ref. 3]. Even though some reso- 
nances may not be observable at some particular target 
aspect angles. The advantages of using the resonance region 
are that the scattered fields of interests are stronger and 
thus are easier to be detected. Because the resonance 
frequencies depend critically on target shapes, and because 
there are only a finite number of targets of interest only a 
few resonances will be needed before a target can be 
identified. 

This thesis is part of an ongoing project at the Naval 
Postgraduate School on target identification. It studies the 
broadside scattering of a tubular cylinder of finite length, 
made of very thin brass walls. The targets used in this 
research were a set of tubular circular cylinders with 
different  lengthes and diameters. This shape has been 
chosen because of its resemblance to a missile body and 
because its theoretical solution is available. This work 
Should serve as the basis for further efforts in developing 
a target identification scheme employing the frequency 
dependence of the back scattered field from a target in the 
resonance region. The effects of adding fins to the cylin- 
ders will be investigated next and will lead to the last 
Step where models of real targets will be identify through 
this scheme. 
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Chapter II describes the general approach to the solu- 
tion of the back scattering cross section problem. The exact 
solution for the scattering by a perfectly conducting 


tubular cylinder having very thin walls from the broadside 


aspect angle is presented. Chapter III contains the experi- 
mental setup at the Naval Postgraduate School, the measure- 
ment procedure and the experimental data. Chapter IV 


presents data analysis of the results as well as comparison 
between theoretical data obtained from the solution shown in 
Chapter II. Because this was the first time frequency depen- 
dence of the cross section of tubular cylinder was ever 
tested at the resonance region, the results are very 
Surprising and can be used to direct further efforts in this 
project. Chapter V contains a summary of the result, the 


problems encountered and areas of future work. 
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II. ANALYTICAL SOLUTION FOR SCATTERING PROBLEM 
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A. GENERAL APPROACH TO SCATTERING PROBLEM 


A parameter that defines the scattering efficiency of a 
target was sought in the earliest days of radar. This param- 
eter when refers to the equivalent isotropic reflector is 
called cross section and denoted by the symbol o. The theo- 
retical definition of back scattering cross section is given 
Dy 2.1 


ШЕ ЕЕ (OR)‏ و" 
r o‏ 


Where E,-Magnitude of electric-field component of incident 
electromagnetic (EM) field at the target. 
Egs-Magnitude of electric-field component of 
Scattered EM field as measured by a hypothetical 
observer 


r-Distance from target to the hypothetical observer 


In this definition the incident and scattered fields are 
introduced. The incident field means the field maintained 
by the oscillating charges and currents in the driving or 
primary antenna constitutes the source. When the target is 
irradiated with an incident EM wave, surface current is 
excited on the target. This surface current will radiate and 
generate the scattered field. The configuration of a scat- 
tering problem is shown in Figure 2.1 

The limiting process is introduced to assure that the 


distance at which the hypothetical observation is made is 
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Figure 2.1 Configuration of a Scattering Problem 


far enough from the target so that only the R™ dependent 
term of the scattered field is retained. Under the free- 
space conditions assumed here, the ratio |E,/E;|^ is the 
Same as the ratio of the power flux density of the scattered 
waves at the observer to that of the incident wave at the 
target. 

The incident field is not independent of the presence of 


the target because of the coupling between the currents and 


E 


charges in the source and the currents and charges on the 
target. To simplify the problem, it is usually assumed that 
the source is Separated from the target by a large distance 
and thus the incident field is independent of the presence 
of the target. 

Ideally, one would compute the radar cross section of a 
target through the formal solution of Maxwell equations 
under the boundary conditions appropriate to the body. The 
integral equation formulation shows that electromagnetic 
scattering of an incident wave by an arbitrary body can be 
described in terms of an integral of various vector products 
involving the surface electric and magnetic fields on the 
target. The Chu-Stratton integral [Ref. 4 p. 464] is conven- 
ient for this purpose. This integral is an exact representa- 
tion of the scattered electromagnetic field in terms of an 
integration over a complete surface enclosing the body in 
question. In particular, if there is available knowledge of 
the total distribution of electric and magnetic fields about 
the body (or what is equivalent, surface currents), inser- 
tion of these values in the Chu-Stratton integral would 
permit the immediate evaluation of the scattered fields. 
Approximate numerical solutions of such integral equations 
require the use of high speed digital computers to estimate 
Surface currents flowing on the body. Because of the limita- 
tion of computation time and storage capacity, this method 
15 applicable only when the dimensions of the target do not 
exceed a very few wavelengths. 

Exact Solutions for the scattering problem are rare. For 
many practical problems, only approximate solutions are 
obtainable. Aside from different numerical schemes, asymp- 
totic techniques are also used when the target dimensions 
are much larger than the wavelength. It is called geome- 
trical diffraction theory and it combines the simplicity 


inherent in the ray optics with the necessary consideration 
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of wavelengths and phases. This method uses the concept of 
Scattering centers and localizes them at the points of 
шБОТТасСЄё” adiscontinuity™ in the belief that specular diffrac- 
tions occur only at these discontinuities with contributions 
from surface regions a few wavelength within these points. 
Each center is assigned a magnitude and a phase based upon 
asymptotic expansion of the exact solution of a two dimen- 
Sional case of a plane geometry. By concentrating on scat- 
tering centers, it 15 possible to predict the polarization 
of the signal reradiated from each center and so to preserve 
polarization dependence in computed result. It is also 
possible to predict the dependence of radar scattering upon 
bistatic angle, but this approach cannot include resonances 
of the target. 


B. SCATTERING BY A TUBULAR CYLINDER 


Electromagnetic scattering from an infinite cylinder is 
a two dimensional problem. Its solution has been established 
for decades. For finite cylinders, Storer [Ref. 5] deals 
with the case of long thin cylinder (a wire) and Kennedy 
ЙГ 6] with a short thick cylinder (a disc). In practical 
applications the finite structures are the cases of 
interest. 

The geometric diffraction theory has been used by Ross 
[Ref. 7] to calculate the EM scattering from a finite 
cylinder where the cylinder was 25) long and 5) in diameter. 
This approach can only deal with problems near the optical 
region. When dealing with problems in the resonance region 
the complete Maxwell equations have to be used. One approach 
to setup the boundary value problem is by using the 
Chu-Stratton integral to formulate an  integrodifferential 


equation. 
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The solution that will be shown in this chapter is for 
circular tubular cylinder having very thin walls. Cylinder 
with those specifications were tested inthe Scattering 
Laboratory at the Naval Postgraduate School and the measure- 
ment data as shown in Chapter III was used to compare with 
this theory. 


The finite cylinder is assumed to be an infinitesimally 


thin walled, perfectly conducting circular tube of radius 
"a" and length "2h". Its center is located at the origin of 
the cartesian coordinates (x,y,Z); its axis coincides with 


the z axis of the coordinates, so that the length extends 
from z=-h to z=th; Figure 2.2 . To simplify the equations, 
the scaled cylindrical coordinates (0p,06,z) have been used 
(Figure 2.3 ) in which the cylinder length extends from z--1 
со z=+1 and its radius is 1. 

The surface current can flow only on the perfectly 
conducting surfaces when the free space case is assumed; and 
because of the thin walls the total surface current can be 
assumed to exist only Ёог -1<2<+1 апа р=1. There are only 
two current components: the circumferential current circles 
around the cylinder in the ¢ direction while the axial 
current travels along the cylinder in the z direction. Both 
currents are functions of the position on the cylinder. In 
terns of their Fourier coefficients the axial current 
density кита and the circumferential current density 


К, (9,2) can be represented as equations 2.2 and 2.3 
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Figure 2.2 Cylinder in Cartesian Coordinates 


К, ($,2)= 52 К, (2)ехр(іпф)з 


= z KP(z)cos(n$)*iK г) з1п(пф) 


n=0 
Where- KS*\2z)=K,0(z) КО (г) +0 
к“ (2) -к (жук (2) п#0 
20 Zn 7 72(-1) 
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(2.2) 


(2.2 a) 


(РВБ) 





Figure 2.3 Cylinder in Cylindrical Coordinates 


Ко (Ф,2)= X Ky(z)exp(ing)- (2.3) 
-3 Kyn(z) cos (ng) +iky(z)sin(ng) 
Where- к 2)-К,.(2) КО) (г) <0 (21) 
$0 $0 $0 


кұ (а)-Қ,, (2055 (21) 2) 170 )0 0 ٦ 
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On the surface of the cylinder 2 takes on values in the 
range of -lszs+l and thus we can represent z by z=cos(v) 
where O<vsn. Near the edges z-tl, the current density іп 4 
direction approaches (1-2?) -\2 and in z direction approaches 


(1-z2)*Y* because of the edge conditions. This leads to the 


definitions of KE- and Ken in equations 2.4 and 2.5 . к 
can be defined by 2.2 a ,2.2 b ; and Ко Р by 2.3 a ,2.3 b. 
= р 1 
К (2) (1/т)Ё КЁ sin[(p*1)v] (249) 
Ky, (2)=(1/ssinv)t KY cos (pv) (ООУ) 


۱۰۱3 current that described here in terms oF KF 
апа E in 2.5 is the sum of the inside and outside 
surface currents. The inside surface current is oh 1م‎ 
while the outside surface current is on p-1*'. The radiations 
due to these currents together with the incident electric 
ЕСОН should satisfy the boundary eenditions of Maxwell's 
theory. For a tubular cylinder in a medium with homogeneous, 
isotropic permittivity є апа permeability р the relations 


among the tangential components of the electric fields and 


the surface current can be written as 2.6, 2.7 , 2.8 and 
жз кет. 8). 
РЕТ 
(Ку; 522) 1 920. (20 )6, (1112-20113) (2 265) 
1 


< ан й 
da dr ess Q6, (127291 1,)- 


и ES, (Zz) 
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1 
17920 оа (20) ОГО (E гс ы) (242) 


2 
"Gayi ۶ ی۶۶‎ ٣۲ 


1 
),20)6,(1112-201,1( ×ظ ۳3۶ 1272 دم + 


>4 ес а ۱ 
E (JE (2)=0 - 1<2<+1 (2.8) 
ЕЗ ظ+(2)‎ 6 )2 (0 - [1 > > + 1 (255: 


Where: 1,=kh=27h/ > 
1,=ka=2ta/ 
20-12 
G. (l: |z-zo|5 15) 
ar є . 
J (do /2m Jexpl= tat Фо Ле 1 s ٤٣ 


G (xi ,x5 )*(exp[i(xiex2)Y72])/(x2«x2)Y? 
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Equations 2.6 and 2.7 can be obtained from the 
Stratton-Chu equations [Refs. 9,4 pp. 99-107,464], together 
with the edge condition that L s as 
IEEE Equations 2.8 and 2.9 are boundary conditions for the 
tangential electric field components on a perfectly 
conducting surface. 

Eouation 2.6 , 2.7, 248E 4 2.9 give the conmeection 
between the current density on the cylinder surface and the 
electric fields on the surface. For the back scattering 
cross section, the far field should be obtained. Denote an 
arbitrary point in the far field (p,9,z)by the vector г and 
ЕРІП оп the cylinder surface by the vector rg, then in 
the far field: 


к|2|-(1202-1122)У2»»1 (2.10) 


= >= 
| مر |21 ۷2( 13+12) << 2۱ 1 


۱۱۳ ۰۵۳ ۰۰۳0 far field at point (г will be 2.11 , 2.12 
and 2.13 where 8 is the angle between the z axis and the 


vector r. 


в УЕ (ръф, 2) - acd ly 
) 1 T E 
- G in26 оо, Ши 2265-0502.) 
- ES 


1 T > => 5 
- و‎ 1۱60 90 "2٦ Г (99/2п)С(г-то)з1п(9-Фо)К „(Фо 20) 
= -T 


2: 


-(21/1,1502Е,(0,%,2)- (22?) 
1 тг > => 

--sin8cos8 /dzg J(dég/27)G(r-rg)KZ(9$9,2z9) 
s = 


1 
»соз26 fdz, j (d65/21)G (2-2, )sin($-69)K ($o, Zo) 
= г 


- (21/1,1, 6 ЈЕ, (2 ,%,2)= (2.13) 
Е 2 > ہے‎ 
< 120 / (49,/2т)6(Т-Г,)со5(9-9,)К,(9о,20) 


To simplify the equations, spherical coordinate would be 
used; with the electric field components E 8 
Ёс ) 9و۲‎ 9۵ ( and E,(r,8,9). 


Since: 
E, (r,9,9)-E, (0,6, z)sin89*E,(0,0,z)cos9 (2.18) 
Ес(г,0,%)-Е(о,%,2)со50-Е,(р,%,2)5іп6 (25195) 


The field components in the spherical coordinate are: 
) 2231/1 رد1‎ - -+“ة١ة+‎ 1 1 Ф”” ۵ ( 


(- аа 1 ٣ ши 
1 T > > 
=-sin® Jdzo J (490/21)6(Т-Го)К, (90520) 
-7 


1 си 
"сове )م (و ۵ -4 )هو( 2 -2۶) 6( 0/2۳ 9) 1 و‎ ٩و,‎ 2 ۵( 
- 
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(-21/111550)Е, (г,Ө,ф) = (2.18) 


1! m > > 
= 1920 f (de9/21)G(r-rg9)cos(e-$9)K4(09, 29) 


Where G(f-fg) are approximated by 2.19 in the far field. 


G(2-2,)- (2.19) 


в Е samecos (¢7id,) |exuilrit со | 


G(r)=exp[ikr]/kr 


Since: 


qr 
| (de/27)cos(né)exp[-il,sin9cos(9$-9,)]-i'" J, (1,sin9) 
=. 


апа 


1 
| (42/тУ1-2%)сов(ру)ехр(-11,сов(8)2, |- 


= Ј (4у/ п)сов (рујехр[11 |сов (6)совуј= 17 J (12058) 


and by using KÎ, and Ко ۲۶۰۰1 رت‎ ons 2 Gand 2.5, the 


fields in the far field region can be written as equations 
ہہ "و‎ and 2.22 


E, (r,9,0)-0 (2720) 
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г 


[-2i/ 1,1,2 CO По Ы 


=. 5 si ٦ 
n=0 p=0 


[K eos (np) aik ۶۰0 ۳ 


57 
n=l p=0 


[Кол Eos (ne) *iKf ) Psin(no)] 


[-2i/1,15:9G(£)]E,(r,9,9)- 


EE 
n=0 p=0 


At 


region is written 


this point the 
of the surface current flowing on 
the back scattering cross section 
should be 


linearly polarized plane incident 


wave inspected as in 


unit -strength and zero phase at 


the cross section is given by 


shift is given by squation 2.24 
0-170 ۶ 
r> = 


ô -arg(E expl 57٤0 
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- ] ( 916و1) م3( 6099 11) و [(۳*۵) 2 13 


scattered field 


in terms of the 


Squation 2.23 and 


(20821 ) 


[(p*1)sin9/1;cos9]J.,,(1,c0s9)J, (15sin6) 


|" ОМБ дсов8/1,8їгп6824 (4 (855) (0й ٣٦ 


(2.22) 
Ko) Psin(n$)*iKjf Eos (n9)] 


the far field 


Fourier series expansion 


in 
the cylinder. To calculate 
of a cylinder the incident 
With a 


on the target having 


equation 2.1 
wave 
the center of the target, 


the phase 


(2828) 


(2 24) 


In the special case of broadside incidence with polari- 
zation along the cylinder axis, which contained the z axis, 
the propagation vector k is given by equation 2.25 and the 
incident field on the surface of the cylinder by equation 
2 26 


К-Кх (2.25) 
E, =z-exp[ikx]=z-exp[ikacos(9)] (2 0269 
Since Е. is an even function іп %, Ko) (2)=0 and from 


٠٠٠٠13 2.7 only КА Ка) is coupled to юм Thus КО. 

In the far field the back scattered field has the compo- 
Dents Eg and E, as shown on 2.27 and 2.28 апа a total back 
scattered field as inm 2.29 


- EN (-1)P*l [(2p*1)sin8/1,cos6] 


: (80072 T 
J «111 6939 )J, (15 5in8)K;; dcos (noue. 


Y in*l(- ])P*! 
n =0 


P 


-)2p+1 
Гпсозб /1;8іпе ) бро (11с058)2, (1,зіпе)ко ^. соѕ (пф) 


[-2i/1112t9G(f)]E$ (r,9,9)- (2228) 


8*4 21)? J 25, (11 60s9)J, (15 5ine Ki. ^P! sin(nà) 
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f 


|-24/1:15 58(232Е. (200209 ` (2.29) 


-+1/2 2 3 ول‎ (з و‎ ۳ 
n= 


Using equations 2.23 and 2.24 with 2.29 ,the back scat- 
tered cross section and the phase shift of a tubular 


cylinder is given by 2.30 and 2.31 


o / ah= (2.30) 


> 7 2 
=Lim(4nr*/ah)| [1,12 ¢96(¥)/-2i] 1/2 E i"J, (15 )K 


2 2 
0 ) +۲ 2 /| 2 1 (1112 4) 205 Ји (12 2 Ч 


T i ) , 0| Z 
راا‎ a 


res (2 2341) 


-arg([exp(-ikr)G(f)1,l,uJ-2i] 1/2 i 472, (1, yata) G) 


=arg([exp(-ikr)G(: ij; in n ПЗ 


со 


E: =! 
=zarg[ (и 
n=0 


From equation 2.30 one can see that the back scattered 
cross section of a tubular cylinder at the broadside aspect 
angle is depended only on the Fourier components of the 
axial surface current along the z direction. That assumption 
was tested against the experimental results and shown in 
Chapter IV. 
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Lil. MEASUREMENTS 


The exact solutions’ to the back sta@Gerings Cage 
sections of targets are known only for few bodies. For 
almost all cases approximate solutions have to be sought. 
Experimental peritrcation is the. only justificatiom Шол а 
good approximation. 

The back Scattering measurement facility in the 
Scattering Laboratory of the Naval Postgraduate School is an 
indoor range designed for model measurements above 2GHz. The 
distance from the antennas to the target, the target itself 
and the radar output wavelength are scaled down from life 
Size. One advantage of using the indoor range is the practi- 


cability of testing models that are smaller and cheaper than 


full scale targets, even though tighter specifications on 
target details have to be met. This chapter deals with the 
experimental Setup, the targets and the measurement 
procedures. 
Aw SETUP 


Figure 3.1 is a block diagram showing the signal flow of 
the setup. Table l is a list of the equipment in the setup. 

The frequency and output power level of the signal 
generator ۳1۳۴-8672۸ is controled by an HP-85 Microcomputer. 
The output RF signal from the signal generator enters an 
GaAs wide band amplifier which is operated at saturation to 
provide an output of about 23dBm. The amplified RF signal is 
then passed through the directional coupler to feed the 
transmitting horn antenna. The returned signal from the 
Scattered field of the target is collecter by the receiving 


horn antenna to feed the test port of the harmonic frequency 
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Та تا‎ Ц 


Equipment 
Microcomputer НР-85 
Flexible Disk Drive НР-О 4 
Plotter НР-72258 
Synthesized Signal Generator HP=667 2A 
RF Amplifier Avanter SA83-2953 
Dual DC Power Supply HP-6227B 
Digital Multimeter HP-3466A 
Directional Coupler Narda 5292 
Transmitting Antenna 
Receiving Antenna 
Harmonic Frequency Converter HP-8411A 
Network Analyzer HP-8410C 
Phase Magnitude Display HP-8412B 
Digital Voltmeter HP-3455A 
Digital Voltmeter НР-3456А 


HP Interface Bus 


Coaxial Cables 


converter, HP-8411A. The portion of the transmitting signal 
coupled out through the directional coupler, is attenuated 
to get 43dB attenuation before it is fed to the reference 
port of the harmonic frequency converter. The harmonic 
frequency converter and the network analyzer HP-8410C, with 
the phase-magnitude display HP-8412B function as a phase 
difference and magnitude ratio meter between the transmit- 
ting and receiving signals. The phase difference and the 
magnitude ratio are converted to volts that are measured by 
the digital voltmeters НР-3456А апа НР-3455А. The digital 
word from the voltmeters is then transfered to the microcom- 
puter for processing and then displayed on the plotter 
06-4 ۰ 
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The antennas used in this system are identical linearly 
polarized horn antennas. The scattered electric field from a 
target has three components. An antenna will pick a linear 
combination of the components and couple it to the receiver 
through a transmission line. 

The polarization of the transmitting and receiving 


antennas can be represent by the matrixes shown in equations 
3.1 and 3.2 


(3 909 
COSY, 
q= 
Sin( y аа) 
ЕС! ٦3ے ر‎ ٣٢٣٣٣۵ (237729) 
Where q-Unit column matrix defining the polarization 


of transmitting antenna 

p-Unit row matrix defining the polarization of 
receiving antenna 

y-An angle which donates the orientation of 
the linear polarization refered to the 
horizontal plane 

6-Phase angle 

t-Denotes transmitting antenna 


r-Denotes receiving antenna 


For linear horizontal polarization the matrices are 
given by equation 3.3 and 3.4 


0 (3729 
ШЕ 
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р= [1,0] (3.4) 


The target has a complex scattering matrix which is a 
function of the geometry of the target and the frequency of 
the incident wave. Assuming a uniform plane incident wave at 
the target, the scattering matrix is а linear relation 
between the incident electric field and the scattered far 
field from the target. The Maxwell equations are linear as 
long as є апа и аге linear. This is true even if c and y are 
unisotropic and inhomogeneous. The scattering matrix can be 


written as 3.5 


— > : | (35:58) 
а ннехр(існн ) Y Oyy exp (ip ay 
S= 
Из ہو16 ) ط×٥ ہیں‎ ) Но exp( ipo.) 
Where /c -Magnitude of the scattering matrix element 


p-Phase of the scattering matrix element 
H-Denotes horizontal polarization 
v-Denotes vertical polarization 
The radar cross section of a target with scattering 
matrix S and obtained by a pair of transmitting and 
receiving antennas with polarization q and p respectively 
will be 3.6 


o =|pSq| ° 230) 
In our system, the antennas are horizontally polarized so 
that: 

Ще (37) 


Ба 


The characteristics of these antennaS are given in 
Appendix A. These antennas are mounted on the wall of an 
anechoic chamber in the Scattering Laboratory at the Naval 
Postgraduate School. All measurements were taken inside the 
chamber. The characteristics of the апесһоіс chamber is 
given in Appendix B and it was discussed in great detail by 
Mariategui [Ref. 10]. 


B. TARGETS 


Figure 3.2 shows the orientation of the cylinder in the 
anechoic chamber. The antennas-to-target distance was two 
meters. The targets were a set of tubular circular cylinders 
made of thin walled brass of various lengths and diameters. 


Figure 3.3 shows the dimensions of the cylinders. 


The back scattering cross section of a tubular cylinder 
depends on the following parameters: 

(1)The cylinder length (2h). 

(2)The cylinder diameter (2a). 

(3)The cylinder wall thickness. 

(4)Azimuth aspect angle. 

(5)Cylinder tilt angle. 

(6)Transmitting antenna polarization. 

(7)Receiving antenna polarization. 


(8)Transmitter frequency (f). 


In the measurements the effects of varying wall thick- 


ness was neglected because it was small compared to the 


wavelengths and other dimensions of the cylinders. The 
polarization was always parallel Ко the axis of the 
cylinder. The remaining three parameters were varied and 


their effects on the back-scattering cross section of the 
cylinder were studied. Table 2 gives the characteristics of 


the targets used in this experiment. 
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кок 


ҮҮЛ 


Broadside Projection 


The Target 


Front Wall Projection 


Figure 3.2 Orientation of Targets in Anechoic Chamber 


Dimensions of TARGET20 and TARGET21 are shown in Figure 
3.4 . These targets are cylinders with four rectangular fins 
having the dimensions: 0.75x0.375x0.01 inches. The axis of 
the cylinder coincides with the z axis in both targets while 
the fins are on the x-y axiss in TARGET20 and 45 degrees of 
the axiss in TARGET21. 


32 





0 m= | 


' 
' 2 
۱ 4 
PL 
” 
' 


з 





Figure 3.3 Cylinders Dimensions 
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TABLE 2 


Targets Description 


Name Description Length (2h) Diameter (2a) 
in inches in inches 
ТАКСЕТ1 Plane cylinder 20 02575 
TARGET2 Plane cylinder 21-11 0.5 
TARGET3 Plane cylinder 290 07775 
TARGET4 Plane cylinder 2:029 2375 
TARGET5 Plane cylinder 2 OTS 
TARGET6 Plane cylinder 22223 O. 75 
TARGET7 Plane cylinder 2, 0 5 
TARGET8 Plane cylinder 2 و‎ 0.5 
TARGET9 Plane cylinder 25 0.75 
TARGET1O Plane cylinder 25575 02375 
TARGET11 Plane cylinder 21175 0.5 
TARGET12 Plane cylinder 275 0.75 
TARGET13 Plane cylinder 30 0 75 
TARGET14 Plane cylinder 3.0 0.5 
TARGETIS5 Plane cylinder 220 0.75 
TARGET16 Plane cylinder Jine» 02575 
TARGET17 Plane cylinder 4.5 0.75 
TARGET18 Plane cylinder 2222 00 5 
TARGET19 Plane cylinder 2715 )0 "6 5 
TARGET20 Cylinder with fins 30 0.75 
TARGET21 Cylinder with fins З #0 0 75 
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C. MEASUREMENT PROCEDURE 


The cross section is defined in terms of a uniform plane 
incident wave. The radiation of the antenna approximates 
that of a dipole and is not a plane wave. То рег a good 
plane wave approximation, a distance that satisfied 3.8 , 
3.9 and 3.10 was chosen. The relationship shown in 3.10 
assumed difference of no more then 20 degrees between the 


phase at the center and the edges of the target [Ref. 11]. 


r210) (3.8) 
r210D (3.9) 
22107513 (3:109 


Where r-Antenna to target distance. 
D-Maximum dimension of the target. 


A-Wavelength of the transmitted wave. 


The signal picked up by the receiving antenna is the 
vectoral sum of the target echo and the background radia- 
tion. To cancel the coupling between the antennas and the 
direct back scattering from the support and the walls, back- 
ground measurement was carried out by measuring the echo 
returned when the target was not present. The difference 
between signals when the target was present and when the 
target was absent gave the echo Signal of the target. 

Calibration of the system to take into account the char- 
acteristics of the system which are dependent on frequencies 
and to relate the echo signal power to the target back 


Scattering cross section and phase shift was achieved by 
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measuring the echo signal from a sphere and comparing the 
experimental results to theoretical values. The theoretical 
data was calculated by Mie series computed with the Sphere 
program [Appendix C]. The calibration was done with the 
Calib program [Appendix D]. Measurements of back scattering 
of the target were done with the Target program [Appendix 
E]. Description and explanations of the computer programs 


were given by Lolic [Ref. 12]. 


The instruments add noise to the measurement data. This 
noise is white noise and to minimize its effects, each 
target was measured five times and averaged. Before each 


measurement new calibration was done to minimize the noise 
effects in the calibration. For phase shift near +180 
degrees the average procedure did not take care of the 
discontinuity properly and the averaged result depended on 
the number of times the measured values took on +180 or -180 
degrees. 

Measurement errors that could not be controled are the 
coupling between the target and the support and the bistatic 
coupling which is the strong target scattered lobs in the 
forward hemisphere (away from the antennas) and then back to 
the receiving antenna from the walls. The latter effect is 
believed to have been taken care of through the use of the 


microwave absorbers. 


D. MEASURED DATA 


The measured results of the 21 targets were plotted and 
given at the end of this chapter (Figure 3.5 to 3.46 ). 
Those plots contained cross section and phase shift versus 
frequency data, for each target. The theoretical data are 
given in Tables 3 to 23 . The data was used for comparison 


with theoretical values and it shown in Chapter IV. 
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TABLE 3 
TARGET1 Measured Data 


Cross-Section Phase‏ ۲ھ 
Hz Sq. meters Degrees/180‏ 
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TABLE 4 
TARGET2 Measured Data 


72617 Cross-Section Phase 
Hz Sq. meters Degrees/180 
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TABLE 5 
TARGET3 Measured Data 


0820. 27 Cross-Section Phase 
Hz Sq. meters Degrees/180 
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TABLE 6 
TARGET4 Measured Data 
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TABLE 7 
TARGETS Measured Data 


ЖЕ 


ma C cum oc 


qt 
=, 


< 
bata 


ЕЕ СУ Cross-Section Phase 
Hz Sq. meters Degrees/180 
ім ій AMAS . 24 46 
1898.29 89431 ceo] 
11 За наза? „а пене. 
ظ1‎ зи . ۱۱:۱4 ۷ [ Ще МЭРИ 
IM. SH . 33 4 بل‎ = ہ٦‎ 
| Й.ЕВ . 0 2 ے‎ ۰ 
18.760 04 87) . 38425 
14.26 andes دو وو‎ 
14. 3 28447 gel aa 
i1. HH . 3149 1 222745 
11 18 0 3 D M 
11.28 00465 СЭРЭЭ 
11 s et 005 ЕСЕН 
11.40 005537 Ec 
8 ٤ начав . و‎ 4 
11 ЕВ 2 23325 
1 1 bj AM A 3 
11.8 88433 e 
11 АЯ 4 
1 ана 7 

Е 005 


qo 647 Є0) 0.1 С.133ү 01 


DO CN CN = ДА ДА Ру Он Тус 4 


ща а 

, 

. 4913 

ша 5 lac e 

. zi 4.221 
112001 ыг. . 46427 
ЕЕ HB 434 48476 
ee s . يا نا‎ 4 4 па лица 
12.48 . 88433 -34162 
ЖЕЛЕ Wagan . 94 
12 ен . 21964 mds e 
leru . ۱۱5 ۲ 1 51844 
12.828 авто 254426 
12.98 ‚ ААРЯЯ . 56642 
1.4 ӨӨ сс! T у = ш 
12.18 эг: 56264 
ЕА 0 ۹ء‎ far us 
12 36 پاتا‎ E S = ысы E 
13.40 . 2156 „22413 
lj mE ШЕ: . 57414 
13.68 ‚ ЯЯЗЧЕ 52435 
ги пае 212 
ІЗ е 07 тг! 
7070 ھ٤‎ BAP ۳ É, 632397 
14 ни , دح انا لا‎ 3 61845 
14.16 ЕНДЕШЕ = ZEE 
14 га . ۲۱۳ ۰ ۵ [ 52484 
14 За ‚ ВИЗЕБ EI 
14.48 HASSE 3 64461 
14 58 ۱۳0۱24 ۵ 54383 
14 ۳۱۵ ESSE 84556 
14 РЯ ۱۱ 24 . 4+ 6 5 
14 50 Bassa . 5۹ت‎ 9 
14 38 . 80866 هن‎ 4 
135 ЙЕ AAT SA 653247 


53 


КочэпБэлдД “SA ۵۲13099 - 55075 1 13[ GI°€ 88٦138 


CAHD) A جات‎ И ہے‎ 


SI 4 ET 01 II 01 
ЫШ санын ee ME ٦ 09007 
| | 068 ` 

۱ У ‚ и | 2900 ` 

. um ° j р | - 0200 ` 

. | C | т ше 0800 ` 


3 ٤ 


NOL LIS 


Сз 1238 5 


54 


? 


на 


۸3113 ۲۱۳3 1 {J 


У] 


== > — مہہ مھ ہے‎ ee eo eee: = 


'5А 33145 8:0103 91,3911 97۲ 3 


ЕР =‏ رتچ ہے 


E 


ee ee ыы» 4 ме © ae ——— 3‏ سے جم 


Í 5 
eS eee 


OJ 


a a 


- 
е 
» 
Шог 7ھ بب‎ XEM. 


* 
“€ 
Ф 
Ф 
Ф 
* 

V 

t 

! 

| 

' 


۹ے 


t 
(3 


10) 
г. 


لک 
Г)‏ 


Г) 
OU 


Са 
со 


© 


из 
eJ 


о 
و‎ 


ir) 
С 


3 
© 
= 


i 


l 


=н 


ЕС 


55 


TABLE 8 
TARGET6 Measured Data 
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TABLE 9 
TARGET7 Measured Data 
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TABLE 10 
TARGET8 Measured Data 
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TABLE eb 
TARGET9 Measured Data 
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TABLE 14 
TARGET12 Measured Data 
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TABLE. 15 
TARGET13 Measured Data 
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TABLE 17 
TARGET15 Measured Data 
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TABLE 18 
TARGET16 Measured Data 
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TABLE 19 
TARGET17 HMeasured Data 
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TARGET IO Measured Data 


267 Cross-Section Phase 
HZ Sq. meters Degrees/180 


2 Um 
ct 


کو 
=« 


(S COO USD متا‎ = h X 


JP Po [à Pi Pa Fo o — — 


202 Tim 7J gy C ДА Gà LD LD UD my ۴ 


CJ — نن‎ Го CO n QY >J 44 سر زم رت‎ 


(ода воз (ај) ЈА D. ۹ن گا اک‎ 


b 5 ү-» х» уа хэд уа род уа БА уа үлд л Bh ров 
ل“ ا‎ TTo D O e e CA CA CÓ 74 98 74 -J 
МОДА ЈА ا لی ل۲ عم عم عر لرا‎ 5) нао 


o PS F9 P P3 P5 P9 P3 — — — — — — — — — — w denm gi 
enorme IO COON L سر( لی‎ 


h n Uo che (h m i r C‏ 9 9 اا اا ا لے 


Me Ps CIPI TA GI Г ба Со ت١ وم ل- زی‎ 


nin. 


Cc 


C 


۱ نت‎ 
X (E c CO UD CD US 


Ж 
ЦЭЛ най хай — — [A Ра Га Г Га ГО Г Ра га Г 


Us 1-١ 0١١7106 СП КЛ On ب۸ 1ے 1ا‎ ۷۸ p. L L 7 E 


“Мне р 0р БА rm і 
ا لل“ حم ال‎ wy 


CO (O ho Seto ГО И 


Pt в в о ро ГУ‏ ]نی 


LOND TI LO زا لا ل“ ل“‎ C9 6J » CO de CO T 


CO Xt e me (205 r0) co CO a m JJ C 


a 
2 й 
Y а 
8 4 > 
ар dg 6 1 
Aly ав E 
18 . 0234 8 
28  асай Hum 
An 186 ag 
4: . 2 1 58 
ан „2124 ЕЕ 
ей 8182 яя 
PE игү a4 
25 кг ы 36 
ар . اب‎ 1 3 1 r4 
ав . 6 15 
1 Arar 45 
28 ‚ а НЕ 
30 Ї 
4a 4 
SA a 
. & В 
үй 


ü- 


Ж 
"а са 


со کر‎ го ГО ко OO CO КО ہ7 ل“ ل“ ل“ ل“ ل“ د“ ن‎ O Ју Уд. 


— 
== 


ДА [у + ДА Cro cn py‏ گي INE PB ON ОА СО > 4 Ca un Cm C.J — T É GJ CO CR‏ ای 
جیا جو صا САТ Ча го eT‏ 


S Coi 


аз! 
Ку Г С) Л (SS Un UU CD го اکا‎ 


y= سے‎ 
і zu 
ہے‎ 
— 


دی A fe md oe ED‏ ل م لی عم ل“ لہ 


БУХ СО) c ای 4 0:1-7۸ ل- ۱ 1ل ص٦١ ار‎ T, iS е 


ba үз» ме pk em due حسم‎ р be خسم‎ pee ped bM ax ре рь рь р 6 р BE E b ee pe рођ рођ оф р کم‎ 


СЛ fe fa fe te fo fo fe fe fo feed Cy لی لی لی لن لد لا‎ C. JEO Dà r 


qune e CO fe dd ل‎ J F.J CO L.J G] GJ' ОМ Да СП о + 


ree Pe в ГГ Ге ро oe از‎ 


сапа 5 (ТЛ фа 14] ГО += а у. 


Г а Го Гао Го ГА Гл Го ГО 


Ії‏ تپ 

Сл со го ба а" 

+ (J LD f OJ i 

۰ ل“ را زرا زره و۱ مس دحا را 
I‏ 


95 


SI 


Аоџопродла “SA цотдоэс-55019 021,ЛЭЧУ1, 


шэнэ 


сано» ДдДОМУГОЗе- 
tI ET cl 


Ch'e 89ہ‎ 





OS > ۱۵ ٥‏ 3۴۲ 1 3 ےك د5 


96 


SI 


Коџопбола ۰5۸ 31145 3519 71 


ОНЫ  -> . 78 3 
2 ET ct 


+٩, ۰ 6 9۲۱3 ۲ آ»‎ 


IT 


BT 


gg 1- 


ماه 


05 °– 


00 0 


сс” 


05 ` 


SL 


00 `T 


ааа 


8 tessa =0> 


97 


TABLE 22 
TARGET20 Measured Data 
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TABLE 23 
TARGET21 Measured Data 
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IV. DATA ANALYSIS 


A. ANALYSIS OF EXPERIMENTAL DATA 


The experimental data on the back scattered cross 
section of a tubular cylinder obtained in the Scattering 
Laboratory as described in Chapter III are analyzed. The 
cross section under the circumstances described in Chapter 
III is a function of three parameters: 

(1) The length of the cylinder (2h) 

(2) The diameter of the cylinder (2a). 

(3) The frequency of the incident wave (f). 


This is shown in equation 4.1 
СЕООА) (4.1) 


The experimental data as shown in Figures 3.5 to 3.46 shows 
the dependence of the cross section on frequency for cylin- 
ders of fixed lengths and diameters. 

To isolate the dependence of the back scattering cross 
section on the length of a cylinder, the constant parame- 
teres should be the cylinder diameter and the frequency. 
This was achieved by using five cylinders with the 6 
diameter and taking the cross section of each one of them at 
the same frequency. Table 24 shows the targets used for each 
diameter. 

The frequencies checked were 10.1,11,12,13,14 and 15 GHz 
and the results are given at the end of this chapter іп 
Figures 4.1, 4.2, 4.3 

In Figure 4.1 for 2a=0.375", one can see that the curve 
has tilt at £=10.1 when 2h=2.7; for f=11 the tilt occures at 
2h=2.5 and for f=12 this happens at 2h=2.25. The line seems 
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TABLE 24 


Targets with Constant 2a 


223 0375 0.5" 01572524 
20 TARGETI TARGETZ TARGET 3 
225 ТАКСЕТА ТАКСЕТ5 TARGET6 
295 TARGET ТАКСЕТ8 TARGET9 
25 TARGET 10 ТАКСЕТ11 ТАКСЕТ12 
3.0 TARGET IS TARGET14 ТАКСЕТ 15 


to have the same slope in all these graphs near this point. 
The same phenomenon appears for 2h=2.75 at f=11; 2h=2.5 at 
f=12 and 2h=2.25 at f=13. In Figure 4.2 for 2a=0.5" the same 
phenomenon occurs at 2h=2.75 and f-12 , 2h=2.5 and 24-13 
and2h=2.25 and f=14. For 2a=0.75" in Figure 4.3 this occurs 
at 2h-2.75, f=1l and 2h=2.4, #=12; and another at 2h=2.5, 
femormand 2h=2.25, f=14. 

This phenomenon leads to the assumption that the back 
Scattering cross section of a tubular cylinder has a depen- 
dence not onh by itself but on combination of f and h. For 
those points mentioned above, the product 2hf is shown in 
Table 25 

Thus the cross section of a tubular cylinder can be 
written as a function of hf or kh where k-2nf/c and is shown 


in equation 4.2 which is identical to equation 4.1 
9 7G, (a, £,h£)-G, (a, k, kh) (4.2) 


B. COMPARISON BETWEEN MEASUREMENTS AND THEORY 


From equations 2.30 one can see that o , when properly 
normalized, (e.g. divided by ah or multiplied by k?) depends 
only on two variables which are combinations of a, h and k. 
This dependence is shown in equation 4.3 ,where 1,=kh and 


l, =ka. This equation can also be written as 4.4 
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TABLE SS 
2hf for Discontinuity Beints 


2a Ё 2h 26 
шалт 2522 2782.5 
9. 379 11 کے‎ 2 5 
12 28:25 27 
I" 2079 30725 
05 12 5 30.0 
13 201025 2925 
12 2075 30725 
0.5 12 275 30 40 
3ا‎ 2.22 23225 
0.75 11 #5 80925 
12 4 288 
0.75 13 2.5 5 
14 225 ЗЭ 5 
c/ahzF(1,,15) (4.3) 
o/ah=F, (1, ,1,/1, )=F, (ka,h/a) (4.4) 
For cylinders with a constant h/a, c/ah can be plotted 
as a function of ka on the same graph. This effectively 


expands the frequency range over which data can be obtained 
using a cylinder. Table 26 shows the targets used for this 


purpose. 
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TABLE S26 


Cylinders with the Same h/a 


Target name 
ТАКСЕТ16 
TARGET2 
TARGET 18 
TARGET 15 


Length 
tas" 
ox 
ع25‎ 
3 


Diameter 
075 
0254 
625: 
Ur 7 Due 


TARGET4 
TARGET 14 
TARGET 19 
TARGET 17 


Figure 4.4 is the graph for 


ka Range Covered by Each Target 


Target Name 
TARGET 16 
TARGET2 
TARGET 18 
ТАКСЕТ 15 


TARGET4 

TARGET14 
TARGET 19 
TARGET 17 


The overlapping points as 


h 


TABLE 7 


shown on 


a minimum ka 


1.01 
1.34 
5-66 
2 


1 
1 
1.68 
21:01 


maximum ka 
. 50 
. 00 
.49 
299 


298 


these graphs 


h/a=4 and Figure 4.5 for h/a=6. 


The ka range covered by each target is shown on Table 27 


show 


that the experimental data are in agreement with the overall 
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e 


shape. However, the small variations in the overlapping 
regions do not seem to fall at the same places. The reason 
for this discrepancy were discussed as measurement errors in 
Chapter III. 

The overall shape is used to compare with theoretical 
predictions obtained by Professor Lee at the Naval 
Postgraduate School through solving equations 2.30 and 2.31 
[Refs 232 This data is shown in Figure 4.6 for h/a=4 and 
in Figure 4.7 for h/a=6. Theoretical values and experimental 
data are plotted together in Figures 4.8 and 4.9 . In this 
figures one can See that there is very good agreement up to 
the point where ka is about 1.9. From that point to ka equal 
approximately 2.5 the minima and maxima of the experimental 
curve is shifted in ka by about 0.08. 

The reason for the shifting and the disagreement at 
these points can be explained by the fact that there is wall 
thickness in the measured targets while the theory assumes 
infinitesimal thickness. The points of ka=1.9 and ka=2.5 are 
Special because they correspond to the first two cutoff 
frequencies for the cylindrical waveguide modes: ka=1.8415 
is the cutoff point for H,, mode апа Ка-2. 2040 is the cutoni 
point for E,, mode [Ref. 14]. At ka-1.8415 the wave starts 
to propagate without attenuation inside the cylinder. Since 
this value is determined by the inner diameter of the 
cylinder, the wall thickness cause the phenomenon to occur 
at a higher frequency and so produces the shift in the 
minima and maxima. Above ka=2.4, روت‎ mode adds to the Нуу 
mode and the total field inside the cylinder is the vectoral 
sum of those two modes. These effects were included in the 
theoretical calculation but the wall thickness was not. 

The measured phase shift is shown in Figures 4.10 and 
4.11 and the theoretical phase shift is given in Figures 
4.12 and 4.13 . The comparison as shown in Figures 4.14 and 


4.15 shows agreement between the theory and the experiment. 
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The constant phase shift in the overall curve is due the 
calibration of the system. It was done with a 3.187" sphere 
while the targets are 0.375" to 0.75" in diameter. That 
caused small phase shift because the targets were not at the 
same height as the calibration sphere. At ka=2.75 where the 
phase shift is near +180 degrees, the average of +180 
degrees produced the data points near 180(m-2n)/m degrees 
which appear in Figures 4.14 and 4.15 . Here O<n<m and m is 
the number of averages taken. 

The comparison between the theory and the measured data 
He to conclusions that сап be used for füture work in 


this project, that will discused in Chapter V. 


C. RESULTS FOR CYLINDERS WITH FINS 


As the first step for future work on employing target 
identification scheme through the cross section as a func- 
tion of the frequency, two cylinders with fins attached have 
been measured (TARGET20 and TARGET21). The results as shown 
in Figure 3.43 and 3.44 are compared with the cylinder of 
the same length and diameter,  TARGETIS. The fins are like 
reflectors in TARGET20 and like corner reflectors in 
TARGET21. The comparison shows that the back scattered cross 
section of TARGET20 is much smaller then TARGETLS. The 
reason might be that the axial current that flow on the fins 
cause field that add vectorally to the field created by the 
current flowing on the cylinder and in this spatial case it 
happens to be added destructively. A detailed study on the 
surface current distribution on the cylinder without fins 
may lead to explanations about how the fins change the 


surface current flow on the cylinder. 
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У. “SUMMARY 


The exact solution to the scattering by a tubular 
cylinder from the broadside was presented. From that solu- 
tion one can see that at this aspect angle the scattered 
field dependes only on the axial surface current flowing in 
the z direction. The exact solution was used to develop 
theoretical predictions to the broadside back scattering 
cross section and phase shift of a finite tubular cylinder. 
Measurements of cross section and phase shift have been done 
and the results were analyzed and compared to the theoret- 
meal data. The comparison shows that the results of the 
measurement and the theory are in very good agreement. Both 
theoretical and experimental data shows that the frequency 
range that has been chosen is good because the back scat- 
tering cross section is about fifteen times bigger then the 
cylinder dimensions, or equivalently, the cross section in 
the optical region. The increment in the cross section made 
the signal easier to be detected and analyzed. 

These results as well as the problems that have been 
arised will be used for further work on this project in 
developing target identification schemes through the obser- 


vation of the back scattered field from a target. 


A. KNOWN PROBLEM AREAS 


When more complicated bodies than the tubular cylinder 
are used as targets, the only way to study thier back scat- 
tered field is by using the measured data. This is why the 
most important problem that has to be addressed is to under- 
Stand the discrepancies between theory and experiment that 
have been discovered. As a first step, the effects of the 


support should be studied by using different supports. 
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Another problem that discovered is the error in the 
average procedure for phase shift near +180 degrees. That 
can be solve with a proper averaging procedure. Because of 
the system noise in the lower frequency range the measure- 
ments were done over the range of 10 to 15 Ghz and required 
the use of several scaled cylinders to expand the frequency 
range. This introduced errors due to the differences in the 
inner to outer diameters ratio. By achieving stability in 
the frequency response of the receiver, one cylinder can be 
used for a larger frequency range and thus all the parame- 


ters will remain constant for all the frequencies. 


B. WHERE FUTURE WORK IS NEEDED 


To understand the effects of cylindrical waveguide modes 
on the back scattering of a tubular cylinder,the solid 
cylinder should be studied. The closed ends of the cylinder 
introduce current in the transverse directions but prevent 
the wave from propagating inside the cylinder. Adding fins 
to the cylinder to investigate their effects on the induced 
Surface current on the cylinder should be carried out next. 
The effects of the dimensions of the fins and their position 
on the cylinder, оп the Scattered fields are the most 
interesting. 

Tests on models of real targets are the last step in the 
evaluation of this scheme and different aspect angles should 
be studied. For real-life targets, the wavelength should be 
scaled as the ratio between the models and the targets. That 
means production of radars that will work at frequencies at 
a few hundreds of MHz. This system should include a computer 
that has the ability to store data about the parameters of 
different targets of interest and by comparison between 


measured data and stored data the target will be identified. 
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APPENDIX A 
ANTENNAS CHARACTERISTICS 


Model Number GTE AN/18I 
Frequency range 4-18 GHz 

Gain 6-12 dB 
VSWR(maximum) Зодии 

Isolation <20dB below 5.5 GHz 


>20dB above 5.5 GHz 
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APPENDIX B 
ANECHOIC CHAMBER 


The anechoic chamber is internally lined with absorber 
material; this material provides the necessary attenuation 
to the reflection from the walls. Under the absorber 
material there is an aluminium surface for isolation against 
external sources of noise such as atmospheric noise and man 


made noise sources. 


Physical dimensions: 
Longitudinal length ZONES 


Lateral length ۱9 
Height LOPTE: 
The absorber material used in the walls of the chamber 
is ЕНР-8 Rantec microwave absorber; cut into a precise 
pyramidal configuration. Figure B.1 shows the mechanical 


specifications as well as the maximum reflections at normal 
incidence. For the material used in the floor, ceiling, 
lateral and front walls. The absorber material used for the 
back wall operates with more absorption at lower frequen- 
cles, andthe height of the cones is also different. The 
specifications of the back wall absorber material are shown 


in Figure B.2 
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DISP "CALIBRATION STANDARD". 
PRINT “CALIBRATION STANDARD 


136 


ГО ге га Ге а 
TA Ч Гоа 
C I) Uim im 


ге ге го Ро го 


137 


p 
ЈИ КА | АХ 


~ 
— 


В сі Го но 
۱۳۰۸ ۰ 


= 
۰ 


(f 
1“ 


I I 


^ i 


к 


ла 


іш 
I" 


H 
e 
Са 


Tr SD ted fan 


لگا a = m‏ لگا لگا ا эсээ‏ 


Га Г Га ГО Г ГО ыы на нь ны 
ын 


ل اڈ لرا اکا سے СЛ] ра‏ 


= 
-4 


ro 
У; 
км 


IS (n ایا‎ 


(Pa Pà pa 
по су ل“‎ 


мм یہ‎ 
са са 


Га = 


لہ لی لن ل لحا لدا لا لله له 
OG oJ cn. oJ‏ ا н (S‏ 
DOCE CD‏ لا ایا ای اما 
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| ЕМЕ .را‎ Ce] ٦١١ +7 
1۳ ۳۳۹۹۳ ۲ ІЧ Р Бон 

! FILE GF STORES TARGET OANA 
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DATA 

2۷۰۳۱۲۲۱۳. ۱)۲ ۳ 

SURZ.DEIVETI'‏ < ۴ تا 

۲۱ ۶ < " ۲۳۱۴۱۱۳. . 1۳6 1۱61 ۳ 
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| СКЕНТЕ 5$. 52.24 

Г ТОБЕ TARGET CATA IN FILE 
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! FOR THE AVEFACE EPEGEEDHUEFE 

I AHDOD THE REST ۷ ح۴‎ 

! FREGUEHCY MAGNETUGE ЯН 

! PHASE МВТ. 

| 

i 


CPERTE R#.,51., 15 

! STORE CALIE. AND 6:۳۲۴) 
GATA IH A FILE OF Мі RECORDS 
! ERCH ЕЕСОКО СОНТЕА1НЗ ОНЕ HM 
АБД. ННО PHASE ЯТ A FRED. 
۱ 
ПРТТОМ BASE 1 
NH=2 ! NUMBER GF READINGS 
! TAKEN AND AVERAGED FOR ONE 

ЕРЕСНЕНГСЧ 
і 


Heed Hé351,2» | BRACE GROUND ОПАТ 


DIM Bul. 29°91 TARGET ORTA 
ОІМ 6421, га ! ۳۱۲. 1۳۳۳۱] 4 
MHIM H<e51,25> ! КЕЗЕГІН 
IMN ۰۱۰۱۲ а 


! 

H1=31 ! 

| e Mi-cCUJ9S-USr7zF-ro gn TET 5 
۱۰٠۴۳۴ ۴ ٣١۸۷۸۵۰1۱۰۲٢ 

١ ٣)" ја‏ دوع 
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L*"z18.1 ! LOUÜMEE FFEEGO. IH GHZ 
011 ٦١تو رت ر‎ | STOPES ۳۳۴۴ 
TICRL DRTP 

мәш2ЖРІ 


ВЕНЕ TRANSFER FUNCTION 


‘SSIGN# 1 TO CF 
HOS 1 . لوا‎ , 
‘SSIGN# 1 TO ۴ 


! MAT PRIHT USING 326 ز‎ G4 

IMAGE 24, 20.40 

| 

REMOTE РОТ REMOTE НЕ 

CEYICES 

DEN So! CLEAR ALL BEVIEES 

0107۲0 7 сега ۸ ۰.۳1 1۳ را ای‎ " 
| ТІНІТТИЕСЗБЕРР We FIS 

СІЕНЕ 

GISP "00 YOU ЕЦ" ТОРИЗЕ ТНЕ 

MOST ЕЕГЕНТ БЯСКЬКОЦНП ПЯТН 

1 М" 
۲۲۱۳۱۱۲ РЗ 


| РФ—"Н“ ТНЕМ га 
REROIHG BACKGROUND ORTR 


IGN# 4 TQ AS 
OF 4. AO.) 
4 ТО Ж 


+ 

e 

"REMOVE TARGET FRAM 

۳ ۰ ۳۱۳ ۵۳ ۱۳۲4 REA 


LAGAL 7 

BEEF TR BERF 

Pp SE 

ТЕР "TAKING BACKGROUND DATA 


REMOTE F 

۱۱۱ و ال‎ "р 1ے ارہ‎ СОМИ 
ENI ۲ ۰ ۱ РЕНЕ SETUP OF 6 1 
HARIT ٥۵٥ 

GOSUB 2520 


STORING BACKGROUND DATA. 


| 

| 

і 

ASSIGN# S TD AS 
РЕІНТЕ 5 : АС, > 
ASSIGH# 5 TO X 
L 


LUISE "PUT ТНЕНЕТ ١٢۷۷۷۷۰۳٣ 
F PUSH ۰ ۱.۳ HEH BEAL 
ات‎ 7 

БЕБЕ ВЕЕР 

PAUSE 
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— سم سم 
Гу гл Гр‏ 
O‏ لگا لت 


е А 


i RM حسم شم‎ 


e n3 ro npa 


соро ~.) 
INI ә 30 


GJ CJ GJ CJ 
+. حم م لی‎ 


Tz cU لیا‎ 


— م سم سم 


bM dm s 
S EOS КАЈ 
- лас 
SD о 


КЕЛЕР 

ПОТРО 712 ум "зе таи РЕШЕ 
۳۱581 ۲ 1۳۱ 1 ЕЕ 
WAIT F0 

GOSUE 228 

۶ییا 

DISP "1 ПЕ и 
GUSUB зизи 


! 
| LEMPLTING- THRISET DATA 


| WITHOUT ERCKGROUND 


| FREQ. FOR EACH ۲ 
282۱9-2۴5 
FOR M=1 TO 
۴62۲ + ۲ 5 
HCM. 1»-FAà 
РаВСМ,13-86М, 13 
“звсм, 23 -Вем, 
Mea CMP ADIN SAD SECS OM, 1 
мем, go eite 
-RTNH2XS.47)4G4CM, 25 
WANE SEIT CONS) 
IF X2>PI THEN XS=X8-X5 


H1 


NOM, Zx=%R 

NEAT M 

ВЕЗР “۲۳٣ انا‎ .. ۳ у зріє 

БЕР 76 

IHPUT Pt 

ТЕ PESN TREN bone 

PRINT S FRE! CRS 
PHRES 

MAT FRIHT USING 1268 H 

IMAGE 2%. 30.40 

Г. ЕРЕ 

BP. ۳ 


"PLOT MRGHITUDE FDR 
THIS MERSURMEHT? ۳ 
ІНРИТ Ре 
ЇЕ P#="H" 


Шэн 


ТНЕН 1230 


ПЇЗР "SELECT PEN. PRUSH 
САНТ WHEN - 7۳ 

PAUSE 

GOSUE 3538 

И 

DISP “PLOT PHASE ЕЕЕ И 
۱۱۳ ۲۵۱۱۳۱۱۲۱۱ С ПОЩА 

BEEF ۶ REER 

INPUT FS 

IF. PES N ПЕЧИ 

DISP “SELECT РЕ D 
‘CURT WHEN КЕНШ 

POD SE 

GOSUB 437 

CLEAR 
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“Dir ат TG SUE E 
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Р 202217 

6667 ۳٣ 


LS + 
THEH 7 10 


IF 2 ۰ 
DISP "ро YOU HANT ТО 
DATA ? Y⁄ZN " 


INPUT P# 
THEN 


IF 2 ۲ 

мазі 

DISP "DO YOU WANT TO 
DATA IN FILE" 

DISP G$ 

DISP "^ 

IHPUT Pf 

IF P$-"Y" THEN 1580 

DISP "ЕНТЕР NAME OF THE OAT 

A FILE TO BE USED FOR STORE 

GE н 

INPUT Gf 

DISP "IS THIS RN OLD FILE 

TO BE UPDATED ۶ ۷۳۷ " 

IMPUT P$ 

IF P£-""" THEN 1586 

CREATE 6#,53,24 

DISP "ENTER LENGTH OF TARGE 

T " 

ВЕЕР » ВЕЕР 

INPUT 1 

DISP "EHTER 8 

Е T " 

BEEP ВЕЕР 

INPUT М2 


STORE MEASURED DATA. 


[LESE 


STOPE 


2240 


STORE 


m ر‎ H и 


AF TAR 


TO 53 


; Ма,М1,М2. 
не 2 то 2 
2248 


POES THE ۶۴ 
IH FILE" 

وا 

۲ е H " 


IGN# 2 
HT# 2 


5 
Не, 2 


۱۲۱ 3 ہم‎ ОО 
TI ч 


C905 2 
70 "і 


IF P£z"'7" ТНЕН 15358 

DISP “EHTER NAME ӘР 
ЕЗІП 10 
HVERRGE" 


ОЯТА 
FE UR PHE 


! 
INPUT G$ 


FEAD اقا‎ ۴ 
ANO MAKES WIGHTEOD 
METH HEM ОНА 


| 
! 
! AVERAGE 
! 
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ASSIGNEE SE ТО СЕ 

КЕНО# 5 Me не, Наса 
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POR K=1 TO H1 

мак, За МЯСК ез мазе оро 
MILK г>= ма ке Леа ۶۹ 
Маску ( <۳ 9] ر‎ 2 ۱۱۱ +۱: , .5 
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! STORE NEW AVERAGE. 
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РКІМТЕ 7 ; ۲13.1 9ء‎ 0 
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PRIMT "рата 15 НИМЕНВБЕ 

M@. "MEASURMENTS" 

ИТЕР “PRINT 7۶ 

BEEF لا‎ BEEF 

INPUT P$ 

ГЕ PEL CM 

PRIHT " 
17 
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015Р. “"РЕОТ ۱۳9۱ ۱۳۹۵۵ РРА 

BEEP ۳ 

INPUT РФ 
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RISP "SELECT PEH ۶۱۱۲۱۷۷۷۷۹۳۲ 
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PAUSE 
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CLEAR 
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Км) (зэк- 
Со Са а си ул) 


C.) 
mq 
Ж 
ге 


cr) 
Ал Ia 


s] f ь 
e en 


IS! 


ADHERE. DATHA MEE. coU 


РЕНІ З.ІННЕ ЕВ AMP . ۰خ‎ 
рі- ۰ ۳۲ 1.۰۳ 2 

ЖЕНИ СЕ 

ЕСЕ.12-ЕІ 

ЕСКЕ,22-11 

۲ ۳۳ ۳ ۳3 ЕСЕ. ТО 

! PRIMI "Ijz=“,BciK, ذ2‎ 

НЕХТ Е 

МИА ра Ру Борина БК M 
BH6D1"” ! IHITPRL SETüGF СЕ г 
15 


EE ۳ 
۱ 


۱ 
| 
! HERDER SUBROUTINE 
| 


O¢="MOHTH-DATE’ YEAR" 
PRINT " ” 
PRINT " " 


CLEAR 
[I E ЗЕНТЕК. ТОН“ DATE = 


MONTH, DATE., YEAR" 

[ ۲۱۳۱۱۲ DE 

DISP "EHTER TGT DESCRIPTION 
INPUT T 

PRINT 04 

FRINT “TARGET IS ", TẸ 

PRINT ЕЕК СЕ” 
PR De ft et hee ہہ ہہ مر‎ Ke” 
РЕТНТ ۳ ۳ 

CLEAR 


RETURN 
| 


! 
! MAGNITUDE PLOTTING 
| 


SUBROUTINE 
! 
БЕШ ۳ IS TOS 
COPA Еме 1 ر2ت‎ ES 
FRAME 
| SEARCH FOR MAN. & МІН 
| 58-НС2,2) 
| 51-50 
| FOR Mz3 TO H1 
! IF S8»NCM,2) THEN SHHzHCM, 
2 
! ЇЕ :2:1 +۳6۲, 2 ۲۳۳۱۱ ۷ 
5 7 
| НЕХТ М 
QISF “ENTER LOWER WALHUE FOR 


MAGNITUDE PLOTTING" 
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14114) NS 


١٦‏ :ا 
ішіз--1‏ 


nux)‏ کے 


“ІМ 


МОЈОЈ ^4 Ч ~ 
“J ۳٦٦٦ Гә н 
MD SD Diy wo 


ad OJ 1:‏ ل ل ل ل ل لحا 


О ~ ~, 
5030) 02 


ءا ل ل لن لرا لع ل لن ل لح 
ГО 05 09 92 122 CO со OD CO‏ 
O — +‏ زاین JOY CA Db‏ 


د3ہ ضا ری ےس رج یں (n T‏ 
DD SDS ۵ Dis‏ > تک Q > i i‏ لی اک 


+ P P LJ LJ CU K. CJ (J CJ (J ل لی‎ 
لی نک‎ Sh LD LO UO LD L у ЛАД) 


Or 02010 00 -4 Оу 
су соо 


РЕ 
مو مر مہو غم مہو مم‎ 
“Е СЛ В У Г + 
کا دی نت لک‎ ӘЗ 


Жын ул) 


AGE. 


þad bh pee 
LO CO J 


БЕЕБШБИЕЕЕЕ 

INPUT ۱ 

DISP ۳۳۳1۲۶۲ ۱۳۳۶۳ ۱۳۱۱۱6 ۵ 
MAiHITUDE PLOTTIHG" 

1 ۳۱۳۵ ۲ 51 

3 ٦ص‎ 

7٦‏ 16ن 

! 


! CALCULATE SCALE STEPS 
! FOR MAGNETUOE. 

SS=LGT Gal | 

1 - رگ 2 ۰ ]1 < 54 

55-53-54 

552 ۰ 1 1 
$S4-180^354 

ز54 27 6 1۳۱۲ 2 9 ] 


IF 3S5-LB8«-14 THEN 3989 
IF 55-10»5-50 ТНЕН 387278 


= 5 

24=54%2 

GOTO 2818 

5 52 22 

۲24 2 5:4 5 

GOTO 3318 

|] 9 2 54:1۷ 

UGS 4د‎ 

]۱8 219 - 1 й 

SCHLEE لے‎ ٦ ОВ 
FND 8,4 

LAAES -1.54,11,1й 
МОМЕ 11.9 

FOR kK=2 ТО НІ 
WO=MCK. 12 

RO=HCK. 25 

BOSUB 4470 

МЕХТ К 

MS=(L1+L 1) 2⁄2 

MOVE 5.۰1 - . ۵ 
LORG S m ПЕРЕ Га 
i LABEL “FREQUENCY ۳ ۳ 
МОМЕ 11-1. ,5Х41 94009) 
LOTR MEAs 

! LABEL “CROSS SEETION w S 
METER И 

MOVE М5, Пӣ+ . ۵ 
LDIP G 

СЫ min 

LREEL T$ 

MOVE Мз, Па +. азжба 
LABEL OF 

РЕНУР 

DISP “OVERLAY ТНЕОЕЕ 5 E 
UR VE Ce ана 

| 

INPUT PẸ 

IF P#="H" THEN 4456 
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Гэ 
= 
М 


ва го го га 
JNU г н 
کا لگا لت نا‎ 


eux 


fo (à ГО 


г) Гого 


+ ہمعم РАБА ВА‏ 
ہہ ک تک ی 


Gl GJ 


б] ГО > ۵ 09 


м 
e 


4349 


4394 
4499 
4418 
4428 
4430 
4448 
4458 
4460 
4478 
4450 
4499 
4506 
4518 
4528 
4538 
4540 


۰ 1-2 йЕ НЕШЕ ЕЕТТГ ЕШ 
э ШЕП IH THE FILE". 


"Ó vH 


ISP 
CATA 
L ISP : 
INPUT PF 

IF F£z""Y" THEN 4266 

DISP "ENTER HAME OF THE 
CATA FILE TO BE PLOTTED." 
ІНРЮТ НЕ 

BEEP @ BEEP 


НІ 


DISP ۰۶۳/۲۱۳۱۱۵ BEN IF DESIRED 
. PUSH “СОНТ" WHEN ۳ 
ع۲‎ 


ASSIGN# 4 TO HF 
ан 8 

Р-ев 

FOR 41531 ТО 02 

ЕРН Н 2.1 ۶ ТТ, 1, ТЕ, 2) 
НЕХТ Ј 

HSSIGN# 2 ТО Ж 

۲۴ 921. 3 
۲۰92 ۲ 1 . 
МОЧЕ ЕВ, РЯ 
ЕВЕ 1 ل.<‎ 1 + 1 
۲۴۷ 2۳ + 2 
ЕЭ-1(1,12 
DRAW F9. RƏ 
МЕЗІ І 
РЕНШР 
RETURN 

| 


۶ PES 
МОЕ Е 
во. 
СВЕТ 
| THERE ۲ء ر088625.‎ 00025 
! 10۴8614 —- .۔‎ 0 

БЕТ СН 


TO J2 


PLOTTING SUBROUTINE 


لہا 
Га к‏ 
0( - 
b‏ 
Го 74‏ 


Шон 
20260289 


MT Ft We Te a ee ee .- 
WOO + ог 
۱ ۱ | ب93‎ 
се 
$ г 
| 
гг. 
مسر‎ J 


,U1.L6,U8 


LAXES зА, ЕТ. И 
MOVE 11, й 

FOR K=2 TO Nil 

Ма= нск. 12 
RKazH:K.257PI 
GUSUB ۵ 
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- 4938 


C C SIS تک‎ SF کی‎ ма 
VON CN гы Г ке ар 


эзэн 1210 00 - 
DDD DDD DD Q Z m r 3S 


I NINN N CA CN A inen N NINN + 


— pu 159 


الما 


HEAT H 


MOVE МЭ,19- ӨЭХПй 

LORG o У ПОР 220 

! LABEL ۳ ٤" 
МОЧЕ ee ea на 
ПРИ = 

FHASE ۰‏ ےے وہ 

MOVE MS. Ub+ бЭХЖГИ 

LDIR 8 

SIZE ВВ 

LABEL TẸ 

MOVE ۱15 , ۱4 + . 3 

LABEL ۴ 

РЕНШР 

DISP “OVERLAY THEORET TEREE 
ЧЕЧЕТ? УМ" 

IHPUT F+ 

IF P£-"H" THEH 5836 

EEEP P BEEP 

[ISP “CHANGE PEN ۶6 0 
. PUSH 'COMHT' ۳۱ 7٤۹ 
غ۲‎ 

FA=L 3 

psc ERE 

MOVE Fa, F’ 

FOP 1 2 7728 

ЕН<-Е е а 

ва РЕ 

ПЕНЫ ЕӨ.РЭ 

НЕХТ 1 

ЕЕЕ 


RETURN 
| 


! 

! 

0ٌ 00 
MOVE МЭ.ЕЭ 

۲ 5 1 26 5208 


LABELS” to 

! IMOVE .88825, ййа25 
! IDEHH -.8685.f 
ЕЕТМЕН 
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